Bariatric surgery is a rapidly growing and dynamic discipline necessitating a specialised anaesthetic approach coordinating high-risk patients with appropriate postoperative intensive care (ICU) support. The relationship between the anaesthetic and ICU utilisation after bariatric surgery is poorly understood. All adult bariatric surgery patients admitted to any ICU over a five-year period between 2007 and 2011 in Western Australia were identified from hospital admission records and crossreferenced against the Western Australian Department of Health Data Linkage Unit database. During the study period 12,062 patients underwent bariatric surgery with 581 (4.8%) patients admitted to ICU immediately following surgery. The mean preoperative ASA score was 3.3 (standard deviation 1.1) with 76.9% of patients assessed by their anaesthetist for the first time on the day of surgery. Blood pathology (75%) and ECG (46.3%) were the most common preoperative investigations. Intraoperatively, 2.1% of patients had a grade 4 intubation with only 3.4% of patients requiring video-assisted intubation. Despite being deemed at high risk, 23.6% of patients were managed with 20 Gauge or smaller intravenous access. Anaesthetic complications were extremely uncommon (0.5% of all bariatric cases) but accounted for 9.7% of all postoperative ICU admissions. Smoking history, but not body mass index (P=0.46), was the only significant prognostic factor for respiratory or airway-related anaesthetic complications (P=0.012). In summary, the anaesthesia management of bariatric surgery varied widely in Western Australia, with smoking as the only significant preoperative risk factor for respiratory or airway-related anaesthesia complications.
. Such a rapid expansion of bariatric surgery has seen anaesthesia for obese patients evolve into a distinct subdiscipline with published guidelines developed by national societies and vested working parties 3, 4 . Despite the advances in knowledge in surgical bariatric practice, there is a relative paucity of anaesthetic research related to bariatric surgery. This is reflected in contemporary anaesthetic guidelines 3, 4 for the obese patient publishing recommendations that are either without evidence base or that are supported only by weak or indirect evidence (GRADE Category C), or expert opinion (GRADE Category D) 5 . As such, how most anaesthetists conduct anaesthesia for patients undergoing bariatric surgery remains largely unknown.
The purpose of this study was to describe the variations in anaesthetic practice for bariatric patients directly admitted to an intensive care unit (ICU) following bariatric surgery in all public and private hospitals in Western Australia. Specifically, we aimed to assess the incidence and preoperative risk factors for significant anaesthetic complications requiring ICU support after bariatric surgery.
Methods

Patient population and conduct of study
This was a substudy of a statewide population-based cohort study examining the epidemiology and outcomes of bariatric surgery in Western Australia 6 . Ethics approvals were obtained from the Western Australian Department of Health (#2012/21) and all eight participating ICU-containing hospitals, including a waiver of patient consent due to the large cohort size in addition to the observational, noninterventional low-risk study design.
This study included all adult patients who underwent elective bariatric surgery in the state of Western Australia over a five-year period between 2007 and 2011 with patients admitted to any intensivist-led ICU following bariatric surgery forming the distinct subgroup among all bariatric surgical patients in this study. All outcomes were censored on December 31, 2012, unless the patients died beforehand, allowing for a minimum of 12-month follow-up after bariatric surgery. In 2011 Western Australia had a population of 2.39 million, comprising 10.4% of the total Australian population 7 .
Data handling -all bariatric surgery intensive care admissions
Study data for patients admitted to an ICU was sourced initially by the Western Australian Department of Health Data Linkage Unit and then cross-referenced by screening all local ICU databases in Western Australia manually to ensure every index ICU admission following bariatric surgery was included. Only bariatric patients admitted to one of eight hospitals with a specialist intensivist-run 'closed' ICU were considered as requiring critical care support.
Clinical endpoints
The primary clinical endpoint was the incidence of ICU admission after bariatric surgery. Because all patients in this cohort were admitted to the ICU postoperatively, data on the main indication for ICU referral, as well as all significant anaesthetic complications that occurred in the perioperative period were also collected. Anaesthetic complications were defined as any non-surgical complication arising while a patient remained in the operating theatre/post-anaesthetic care unit of a hospital. Secondary outcomes included (a) perioperative risk factors that were associated with anaesthetic complications, and (b) data on preoperative and intraoperative anaesthesia practice deemed relevant to the standard of anaesthesia practice.
Statistical analysis
Categorical variables were described in absolute numbers and percentages with dichotic comparisons performed using the chi-squared test. Continuous variables were described as mean, standard deviation (SD), median, and interquartile range (IQR). We used multivariate logistic regression to assess the associations between demographic, premorbid or perioperative factors and different types of complications, all reported in odds ratios (OR) with 95% confidence intervals (CI). Missing data in height, and thus body mass index (BMI), occurred in 4.1% of the ICU bariatric patients and these patients were excluded when BMI was analysed. All analyses were performed by SPSS for Windows (version 22, IL 2014) or S-Plus (version 8.0, 2007. Insightful Corp., Seattle, Washington, USA) and a two-tailed P value of less than 0.05 was considered statistically significant.
Results
Over the five-year period 2007-2011, 12 ,062 patients underwent bariatric surgery in Western Australia and 581 (4.8%) patients required direct ICU admission following surgery. Tables 1 & 2 highlight the preoperative demographics, comorbid disease burden and patient assessment before surgery. A total of 514 (88.4%) patients undertook their bariatric surgery in the private health care system. The mean age of the cohort was 48 years (SD ± 11.3) and the mean BMI was 46.6 kg/m 2 (SD ± 9.2) with nearly half of all ICU admissions following bariatric surgery being male (49.7%). Obstructive sleep apnoea and hypertension occurred in half of all patients, and premorbid diseases were prevalent with 85.2% of all patients being assigned a preoperative American Society of Anesthesiologists (ASA) score of 3 or 4 8, 9 . Initial anaesthetic consultation was most frequently performed on the day of surgery (76.9%) with only 11.9% of anaesthetists assessing their patients more than three days before the due operation date. Preoperative investigations ASA not recorded 9 (1.5) * Requiring active preoperative pharmacological treatment.
ICU=intensive care unit, CPAP=continuous positive airway pressure, COPD=chronic obstructive pulmonary disease, ASA=American Society of Anesthesiologists, SD=standard deviation, IQR=interquartile range. * Cormack-Lehane classification system. † Includes gastroplasty, Roux-en-Y, mini-gastric bypass, pancreato-biliary bypass and gastric balloon. ‡ Repeat elective surgery for unresolved bariatric issues.
ICU=intensive care unit, CVL=central venous line. other than rapidly accessible blood pathology and ECG, such as echocardiography and lung function tests, occurred in less than 10% of the patients referred to the ICU after bariatric surgery. Table 3 outlines the intraoperative anaesthetic procedures including the Cormack-Lehane grade of intubation, the largest intravenous access during the anaesthetic, and invasive monitoring with arterial lines and central venous lines. Unsurprisingly, an endotracheal tube was placed for all but one patient for surgery, and video-assisted intubation was required in 3.4% of all patients. The largest size of intravenous access varied greatly with nearly a quarter (23.6%) of all patients admitted to ICU after bariatric surgery with a 20 gauge or smaller intravenous cannula. Epidurals were uncommon accounting for 0.8% of all the anaesthetics administered. Table 4 describes the primary indication for ICU admission after bariatric surgery in addition to the frequency of different anaesthetic complications. Unplanned ICU admissions comprised 169 (29.1%) patients of whom 113 (19.4%) were of surgical origin and 56 patients (9.7%) of anaesthetic origin. Respiratory and airway-based problems accounted for over two-thirds (68.1%) of all anaesthetic complications followed by cardiac complications (17.4%). There was a suggestion that active smoking, but not BMI, was associated with an increased risk of overall anaesthesia-related complications (P=0.06) (see Table 5 ). When only respiratory or airway complications were considered (n=47), smoking was significantly associated with these complications requiring ICU admission (OR 2.58, 95% CI 1.24-5.38; P=0.012).
Discussion
This state-wide Western Australian study is one of the largest multicentre cohort studies on high-risk bariatric patients with specific data on perioperative anaesthetic practice and outcomes. Our main findings suggest that despite the acknowledged risks of anaesthesia specific to obese patients, there is a wide variation in anaesthesia practice with the majority of bariatric patients having undergone only a limited preoperative anaesthetic workup, an initial assessment for anaesthetic suitability on the day of surgery, and nearly one in four patients managed with intravenous access that was considered inadequate for resuscitation in the ICU. Despite this, major anaesthetic difficulties requiring postoperative ICU care were rare (0.5% of all bariatric cases in Western Australia) with respiratory and airway problems accounting for over two-thirds of all anaesthetic complications in patients admitted to ICU following bariatric surgery. Of all the potential preoperative risk factors, only smoking was identified as a predictor for respiratory or airway complications.
Comparisons with previous literature are constrained to a limited number of single-centred studies published in this area. These single institutional reports came primarily from established bariatric units and most of their patients were managed with well-defined or protocolised guidelines involving an advanced level of preoperative investigation and preoperative assessment [10] [11] [12] . Our study incorporated eight separate ICUs servicing every hospital in Western Australia and encompassing differing approaches to bariatric surgery, reflecting how anaesthesia was conducted for bariatric surgery in a 'real world' setting. By restricting our cohort to bariatric patients requiring postoperative ICU care, we have selected a particularly high risk group of bariatric patients, with noticeably higher ASA scores than previous reports 10, 13, 14 , who were more likely to experience perioperative complications.
Intubation is a core skill of anaesthetic management. Despite the high-risk nature of our cohort and frequency Comparison of preoperative factors with anaesthetic complications occurring in 69 patients requiring ICU admission after bariatric surgery.
* Complications are listed in Table 4 . † Active smoking was a significant predictor (OR 2.58, 95% CI 1.24-5.38; P=0.012) for patients with only respiratory and airway anaesthetic complications (n=47). ‡ Specialist review before the day of elective bariatric surgery.
ICU=intensive care unit, CI=confidence interval, ASA=American Society of Anesthesiologists.
of day-of-surgery preoperative assessments, the incidence of difficult intubation was low (1.3%) and comparable to previous rates in general bariatric populations 10, 11, 15 . Interestingly, only 3.4% of our cohort required video-assisted intubation, a rate that was similar to another institution 14 but much lower than in some single centre reports 10 . Adequate intravenous access is considered another cornerstone of preparation before initiation of general anaesthesia. While intravenous cannulation in obese patients can be problematic, even in ideal conditions, delaying larger bore venous access until a clinical deterioration is evident, when it may be even more difficult, can delay resuscitation with potentially serious consequences. Based on this assumption, one institution has a prerequisite requirement for a certain minimum size of peripheral intravenous cannula, below which central venous access is recommended 10 . In the recently published "Peri-operative management of the obese surgical patient 2015" by the Association of Anaesthetists of Great Britain and Ireland Society for Obesity and Bariatric Anaesthesia, the minimum size of the intravenous cannula needed has not been specified, but they did recommend having two intravenous cannulae as "prudent" without a reference to support this statement. Our results were therefore surprising with a substantial proportion of our patients with a single and often small size (20-22G) intravenous cannula (23.6%) at the time of ICU admission, necessitating additional venous cannulations for therapies subsequently in the ICU.
Our results showed that only a history of active smoking was a statistically significant preoperative risk factor for respiratory or airway anaesthetic complications associated with bariatric surgery. This results support previously published recommendations (GRADE category C & D) about ceasing smoking six weeks before bariatric surgery --a recommendation that was based on general surgical and not bariatric surgery data 4 . Our finding that BMI was not predictive of anaesthetic complications appears counterintuitive but is not completely inconsistent with the wider literature. While an increased risk of anaestheticrelated complications in obese patients during day surgery or prolonged ventilation in critical care environment has been reported 16, 17 , other anaesthetic studies have found that neither absolute obesity nor BMI was associated with intubation difficulties or airway complications 18 . Interestingly, the initial preoperative anaesthetic assessment occurred on the day of surgery in over threequarters of our cohort, was not predictive of anaesthetic complications and potentially contradicts the prevailing wisdom about advanced pre-anaesthetic consultation. The Australian and New Zealand College of Anaesthetists' own pre-anaesthetic consultation policy 19 acknowledges the difficulties inherent in adequately assessing patients admitted on the day of surgery, especially where comorbid disease burden, major surgery or specific anaesthetic concerns arise and as such recommends that these patients should be ideally assessed prior to admission. Possible explanations may relate to an increasing anaesthetic reliance on a multidisciplinary approach that sees advanced preoperative surgical and medical assessments to screen bariatric patients in conjunction with improving anaesthetic techniques and subspecialty anaesthetic experience in obese patients.
The variations in Western Australian anaesthetic practice in our cohort occurred despite several reviews and published guidelines on anaesthetic considerations for bariatric surgery 3, 4, 20 . This may be due to the fact that these guidelines were not strongly supported by solid evidence. The recently published "Peri-operative management of the obese surgical patient 2015" by the Association of Anaesthetists of Great Britain and Ireland Society for Obesity and Bariatric Anaesthesia makes 16 core recommendations at the beginning of their statement but these were not supported by any formal grading or assessment of the evidence 3 . Additionally, the majority of bariatric surgery in Australia is undertaken in private health care institutions where departmental management policies are frequently less encompassing and more flexible than public health care systems.
This study has some limitations. A retrospective cohort study is prone to selection bias. We used dual mechanisms to identify all bariatric patients admitted to the ICU across an entire state to ensure that most, if not all bariatric patients requiring ICU were captured in this study. An exhaustive list of all anaesthetic parameters and outcomes was not practical and thus data on anaesthetic time and types of anaesthetic agent used (inhalational vs. infused) were not available in our dataset. The wide array and small numbers of specific anaesthetic complications have also limited this study on investigating risk factors associated with individual complications, such as upper airway obstruction after extubation or anaphylaxis. Given the higher risk nature of our cohort and infrequency of significant anaesthetic complications, it would take a much larger cohort of bariatric patients before all risk factors for each individual complication can be identified. Finally, as the majority of this cohort was cared for in the private healthcare system our findings may have limited generalisability to the public health care sector.
Conclusion
Despite published guidelines on anaesthetic management of obese and bariatric patients being available, the approach to how anaesthesia was conducted for patients requiring ICU admission after bariatric surgery varied widely across Western Australia. Perioperative anaesthetic complications necessitating intensive care support were uncommon with smoking as the only predictive preoperative risk factor for respiratory or airway anaesthetic complications. As bariatric surgery propagates further into ambulatory and non-tertiary hospital services, further research is essential to identify preoperative risk factors for different types of surgical, medical and anaesthesia complications so that appropriate preoperative assessment and preparations are initiated to optimise the care and outcomes of patients undergoing bariatric surgery.
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